Abstract The objective of the study was to evaluate the feasibility of a UK-based real-time service to improve the diagnosis and management of lymphoproliferative disorders (LPDs) in Ghana. Adult patients reporting to hospital with a suspected LPD, during a 1 year period, were prospectively enrolled. Bone marrow and/or lymph node biopsies were posted to the Haematology Malignancy Diagnostic Service (HMDS), Leeds, UK and underwent morphological analysis and immunophenotyping. Results were returned by e-mail. The initial diagnoses made in Ghana were compared with the final HMDS diagnoses to assess the contribution of the HMDS diagnosis to management decisions. The study was conducted at the two teaching hospitals in Ghana-Komfo Anokye, Kumasi and Korle Bu, Accra.
Introduction treatment strategies [1] . Accurate diagnosis of LPDs is complex and discrepancies of 20-48% have been reported between LPD diagnoses made by general histopathologists and those made by specialist haematopathologists [2] . Diagnostic criteria use histological, immunological and molecular techniques, combined with an ability to interpret ambiguities associated with these techniques, and such resources are generally not available in countries in subSaharan Africa. However, initiatives such as health insurance schemes mean that treatments for LPDs, such as chemotherapeutic agents and radiotherapy, are increasingly available in poorer countries, but they cannot be targeted effectively because of inadequate capacity to accurately diagnose and categorise LPDs.
LPDs are a heterogeneous group of neoplastic disorders of the immune system, including lymphomas (non-Hodgkin and Hodgkin), myeloma and lymphoid leukaemias. The incidence, epidemiology and clinical presentation of LPDs vary across the world because they are influenced by factors such as genetic predisposition and environment [1, 3, 4] . This means that knowledge about LPDs is not necessarily transferable between regions and evidence about local LPD patterns is needed to guide service delivery. For example, one of the only prospective studies in sub-Saharan Africa found a 1:3 male/female ratio in 60 patients with chronic lymphocytic leukaemia (CLL) in Nigeria, which is strikingly different to the usual 2:1 ratio seen in CLL in the west [5] . A retrospective study in Kenya of 207 cases of non-Hodgkin lymphoma that presented over 10 years found that 41% were not properly classified histologically, and only 15% of 105 evaluable patients were followed up for at least 36 months [6] . It is particularly important for clinical services in subSaharan Africa to have the capacity to diagnose LPDs because they may mimic infectious diseases especially tuberculosis. A review of 129 lymph node biopsies from Jos in Nigeria found that tuberculosis accounted for 48% of the cases once sarcomas and carcinomas had been excluded [7] . Rising HIV prevalence in Africa means that atypical presentations of lymphoma and infections such as tuberculosis are increasing, and accurate diagnosis of lymphadenopathy will avoid misdiagnosis and inappropriate treatment of infections and LPDs.
The purpose of this study was to assess the feasibility of providing a UK-based real-time diagnostic service for LPDs for two teaching hospitals in Ghana. The ultimate goal is to strengthen the research opportunities and systems in Ghana for investigating LPDs and to improve evidencebased clinical care of LPDs. Collaborating institutions were the Haematological Malignancy Diagnostic Service (HMDS), Leeds, UK, and Komfo Anokye Teaching Hospital (KATH), Kumasi and Korle Bu Teaching Hospital (KBTH), Accra in Ghana. HMDS serves a population of four million through the Yorkshire and Humberside Cancer Networks and integrates morphological assessment, immunophenotyping (by flow cytometry and/or immunohistochemistry) and molecular techniques to provide a 'onestop' service for diagnosis of haematological malignancies. Results are double authorised by a combination of consultant haematologists, haematopathologists and scientists before release and e-mailed to clinicians via a password-protected website. Better postal and e-mail services between Ghana and the UK mean that it is now potentially feasible to establish an off-site diagnostic service through HMDS as a prelude to transferring the service to the two Ghanaian teaching hospitals.
Methods

Study setting
The study was based in two teaching hospitals, KATH and KBTH, in the two largest cities in Ghana. Patients were referred to haematology and oncology clinics from within the hospital or from regional and district hospitals and health centres. Patients aged 12 years and above are seen in the adult haematology clinics. Patients with suspected LPDs were usually referred because of leucocytosis, abdominal mass or lymphadenopathy. Prior to this study, patients were investigated and managed using whatever locally available resources they could afford. Histopathology services were available in KBTH. At KATH, fine-needle aspirates were interpreted on site but biopsy samples were sent to be processed in private histopathology laboratories.
To document the existing system for the diagnosis of LPDs, a retrospective audit of the case notes of patients referred to KATH's haematology and oncology clinics in 2004 (i.e. the year prior to the start of the study), with a suspected diagnosis of LPD, was conducted. In order to capture all potential LPD patients, the case notes of all patients with a provisional diagnosis of lymphoma, leukaemia, myeloma, splenomegaly or lymphadenopathy were reviewed, and data were extracted about clinical features and laboratory results using a pre-designed and piloted form.
New diagnostic service 2005-2006
For 1 year from March 2005, patients aged ≥12 years, presenting to the hospitals' haematology departments with features suggestive of a LPD who gave informed consent were enrolled in the study. Suggestive features included B symptoms (fever, weight loss, sweats), lymphadenopathy, hepatomegaly, splenomegaly, lymphocytosis, hypercalcaemia and lytic bone lesions. Patients with splenomegaly were entered only if they also had lymphocytosis, lymphadenopathy or B symptoms or had failed to respond to proguanil therapy for hyper-reactive malarial splenomegaly [8] . Locally available blood tests (e.g. blood count, lactate dehydrogenase, urea, creatinine and electrolytes, liver function tests, calcium, erythrocyte sedimentation rate), X-rays, scans and lymph node biopsies were performed as appropriate.
Peripheral blood (6 ml), 2 ml bone marrow aspirate and trephine biopsy samples were taken from each patient. Laboratory bench space, a centrifuge, a 37°C water bath and freezer space were made available in each hospital for sample processing. Consumables were sourced locally in Ghana apart from eppendorfs, capped test tubes and pastettes.
An unstained bone marrow aspirate slide and trephine biopsy for each patient, as well as the lymph node biopsy samples, were posted to HMDS using United Postal Services. Biopsy samples were fixed in formalin prior to processing. At HMDS, immunophenotyping was performed by immunohistochemistry on the trephine and lymph node blocks. Standard streptavidin-biotin immunoperoxidase methods were used to phenotype tumour cells using panels of markers selected according to the suspected diagnosis (Table 1) . Immunophenotyping results were used in conjunction with morphological and histological findings to arrive at a final diagnosis according to WHO criteria [2] . Where relevant, fluorescence in situ hybridisation and polymerase chain reaction analysis were also performed.
Results from HMDS were e-mailed to the Ghanaian clinicians as soon as they had been authorised. Patients were allocated a unique identification number, and all data were entered onto a password-protected database. Only project clinicians had access to patient data.
The initial diagnosis, based on clinical features and locally available tests, was recorded for each patient. The impact of HMDS results on patient diagnosis and hypothetical implications for their management were evaluated by comparing the HMDS diagnosis with the initial diagnosis. Patients were divided into categories depending on whether the initial diagnosis was the same as the final HMDS diagnosis and whether the final diagnosis would have altered patient management.
Ethics approval
The project received ethical approval from the ethics committees of Liverpool School of Tropical Medicine, Komfo Anokye Teaching Hospital (Kumasi) and University of Ghana Medical School (Accra). The project was discussed with eligible patients, via an interpreter where necessary, using specifically designed information and consent forms. Consenting patients (and guardians if they were less than 16 years of age) signed or thumb-printed the form.
Results
Existing LPD services
Case notes were available for 63 of the 80 patients seen at KATH in 2004 with a suspected LPD. The median age was 48 years (range 12-80 years) and 42 (67%) were female. B symptoms (fever, sweats, significant weight loss) were present in 26 (41%) patients. Forty-four patients (70%) had splenomegaly (median 16 cm; range 4-26 cm), 27 (43%) had hepatomegaly (median 6 cm; range 3-16 cm) and 18 (29%) had lymphadenopathy at presentation. Forty-eight of 63 (76%) diagnoses were made using clinical features alone. Of these, 28 were hyper-reactive malarial splenomegaly and 19 were LPDs (Table 2 ). There were 11 cytological diagnoses-ten from fine needle aspirates and one from a bone marrow aspirate. Only four diagnoses were made histologically. Immunophenotyping and molecular techniques were not involved in any of the diagnoses.
New diagnostic service 2005-2006
One hundred fifty patients, 117 from KATH and 33 from KBTH, were entered into the study. There were 79 females, and the median age was 46 years (range 12-83 years). Their samples were sent to HMDS in 25 packages. Each package weighed less than 500 g and cost £21.34/package. All parcels arrived intact at HMDS within three to four working days of being posted. Four packages, packed according to IATA regulations, were carried by hand from Ghana to HMDS. The median time between taking bone marrow trephine samples and receiving e-mail results in Ghana was 15 days (range 7-62 days). For lymph node biopsy results, the median time from samples leaving Ghana to results being emailed back was 11 days (range 3-27).
Suspected tumour Markers
Lymphoma CD3 CD5 CD10 CD20 CD23 CD79 BCL2 BCL6 Ki67 Cyclin D1 Hodgkin lymphoma CD3 CD15 CD20 CD30 MUM1/IRF4 OCT2 BOB1 Acute lymphoblastic leukaemia CD1a CD3 CD7 CD10 CD34 CD79 PAX5 tdt Myeloma CD138 CD56 MUM1/IRF4 kappa lambda Carcinoma CD45 MNF116 CK7 CK20 
Final diagnoses
Pathological diagnosis was possible in 132 of the 150 patients. Specimens were not obtained in 14 patients due to early death and loss to follow-up; only four patients had inadequate specimens. Sixty-one of the132 patients (46%) had a LPD, 42 (32%) had other diagnoses and 29 (22%) had splenomegaly for which no cause could be found (Table 3) . Of the 61 LPD diagnoses, there were 30 nonHodgkin lymphomas (18 splenic marginal zone, four diffuse large B-cell, three peripheral T-cell, two Burkitt, two follicular and one mantle cell), seven Hodgkin lymphomas (five nodular sclerosing, two mixed cellularity), 12 CLL, five acute lymphoblastic leukaemias (three T cell, two B cell), six myelomas and one NK cell LPD. Table 4 shows the initial diagnosis or differential diagnosis made in Ghana before the HMDS result was available. The HMDS diagnosis would not have significantly affected management in 104 of 150 patients (69%). In 48 patients (32%), the initial diagnosis was correct. In a further 16 patients (11%), the final diagnosis was different from the initial diagnosis but management would not have been affected. The HMDS results did not affect diagnosis or management in 40 patients (27%) because they were lost from the study due to death or lack of data, a problem frequently encountered in this setting (Table 5) .
In 46 of 150 (31%) patients, the HMDS diagnosis would have changed patient management. In half of these patients (n=23), the HMDS diagnosis was part of the initial differential diagnosis but it would not have been possible to make to appropriate treatment decisions without the additional results. In a further 23 patients, the HMDS diagnosis was not part of the initial differential diagnosis. In a third of patients (15 of 46) in whom the HMDS diagnosis would have altered management, the initial diagnosis was based on fine-needle aspirate cytology (Tables 4 and 5) .
Discussion
This study demonstrates that it is feasible to provide a sophisticated UK-based real-time LPD diagnostic service for patients in Ghana using complex haemato-pathological techniques. The service provides an interim solution until Ghana is able to set up its own international standard diagnostic systems. The quality of samples transported to the UK was good, and the turnaround time was 10-15 days.
The service depended on a few critical factors: a dedicated team in each hospital, reliable communications between institutions in Ghana and the UK and an efficient clinical coordinator. The coordinator's role was to ensure the quality of samples, process and document specimens, organise transport and receive and disseminate results. The HMDS service enhanced the capability of the existing service in Ghana to accurately diagnose suspected LPDs. Overall HMDS diagnosis would have changed management in a third of patients, confirmed initial diagnosis in a third, and had no effect on management in the other third. These results are similar to those from a Welsh study, which found that a panel of specialist haematopathologists disagreed with the initial diagnosis, which would have altered subsequent management in 46% of suspected LPD cases [2] . Our study provided preliminary information about the prevalence of different types of lymphoma presenting to the hospital, which will enable clinicians to make informed and rational choices about treatment regimes. The collaboration between the Ghanaian institutions and HMDS provided an excellent framework for epidemiological studies and for detailed genetic and molecular genetic assessments in selected patients such as fluorescence in situ hybridisation and immunoglobulin gene sequencing [9] .
The success of the system was dependent on good record keeping and effective communication systems between the Ghanaian and UK institutions. It would have been unethical to have withheld appropriate treatment once the HMDS diagnosis was known in Ghana so it was not possible to compare outcomes between, for example, patients who did and did not have samples processed in the UK. However, the retrospective audit of lymphoma patients provides an indication of the extent to which patients could be investigated locally and the range and preciseness of diagnoses compared to the recommended international lymphoma classification categories.
There are very few descriptions in the literature of successful collaborations between wealthy and less wealthy countries to improve the diagnosis of haematological malignancies. Ours is the first study to focus on real-time remote diagnosis for patients in Africa with suspected LPDs. The only published collaboration to use remote diagnosis on posted samples was between institutions in the USA and El Salvador. This study aimed to describe clinical and biological features of childhood leukaemia in El Salvador and to develop effective treatment regimens. Between 1994 and 1996, 153 patients were enrolled in the study. Morphology and cytochemistry were performed locally, and bone marrow samples were sent by post or courier to the USA for immunophenotyping, DNA analysis and molecular genetics. The programme was subsequently extended to Honduras and Guatemala and was successful primarily because it had been generated and part-funded by an enthusiastic local team in El Salvador. Problems encountered with the remote analysis of samples included the inability to get repeat samples when results were inconclusive, loss of samples and delays during transit resulting in samples that were inadequate for testing. As the number of samples increased, the techniques and expertise were gradually transferred to El Salvador [10] . In our study, we had a very low incidence of inadequate specimens presumably due to the use of fixed trephine and lymph node biopsies as opposed to fresh bone marrow aspirate or peripheral blood samples.
Two other collaborations to improve the diagnosis and management of childhood leukaemia involved three centres in India linked with one in the USA and a partnership between Nicaragua, Italy and Switzerland [11, 12] . These collaborations provided local training rather than a remote diagnostic service. Confirmation of the diagnosis of nonHodgkin lymphoma was carried out on samples from Kuwait by an expert panel in Germany but this study was retrospective and was therefore not able to directly influence patient management [13] .
An improved diagnostic system is only one component in the pathway to improving clinical outcomes for patients with LPDs in sub-Saharan Africa. Our study was limited to the diagnosis of LPDs and was not designed to measure impact on patient outcomes, which are influenced by many factors beyond this diagnostic system. Patients in developing countries often have to pay for diagnostic tests and treatment. This leads to sub-optimal care especially for the poorest. In Africa, treatment protocols need to be tailored not only to affordability but to availability of drugs and supportive therapies such as platelet transfusions and growth factors. Clinicians' response to changes in diagnostic services is also an important determinant of patient outcomes.
As this was a feasibility study, the costs were met from project funds. Before deciding whether or not to scale up a remote diagnostic service, more research is needed to determine the cost benefits from the perspective of both the patient and the health services. Compared to the existing service in Ghana, the benefits to the patients are a more rapid and accurate process to confirm an LPD or alternative diagnosis and the potential to receive the correct treatment with subsequent positive health benefits. For the health service, the benefits would include information about the causes of lymphadenopathy and local epidemiology of LPDs, which would enable better planning and allocation of oncology resources.
If Ghana and other countries in sub-Saharan Africa are to establish effective treatment programmes for LPDs, then the ultimate aim must be to transfer the diagnostic techniques and the skills to interpret them to institutions in Africa [14] . Our feasibility study has demonstrated that it is possible to set up a sophisticated diagnostic service for patients in Ghana with suspected LPDs that enables patients to be classified according to international standards. This model for Ghana-UK collaboration provides a platform on which to gradually build local capacity to operate an international quality diagnostic service for LPDs. The study has shown that transferring specific immunohistochemistry technology for biopsies to Ghanaian institutions should be a priority as this is a robust technique, which provides good diagnostic information about LPDS and conditions that may mimic LPDs. Transfer of technology needs to be accompanied by development of medical, nursing and paramedical expertise in LPDs, enhanced facilities for supportive care for neutropenic patients and reliable, adequate supplies of safe blood components [15] .
Cancer is an important cause of morbidity and mortality in countries in sub-Saharan Africa, and new initiatives such as health insurance schemes are driving demand for better quality diagnosis as well as providing more resources to treat cancers. Collaborations between health care workers and scientists in wealthy and less wealthy countries are an excellent way to bridge the inequalities in cancer services that exist between these countries. Developing countries gain access to new techniques for diagnosis, resources to improve patient management and training to enhance skills and morale. Developed countries broaden their knowledge about cancers and are provided with much better opportunities than are available in their own country to reassess what is essential in cancer care and what can be adapted and streamlined [12] . Furthermore, establishment of international quality cancer treatment units in developing countries will attract more physicians and researchers and contribute significantly to global knowledge about the clinical, biological and epidemiological aspects of cancer [16] .
